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© Catalyst lor polymerization of olefins and process tor production of olefin polymers. 

© A catalyst for the polymerization of olefins is provided which comprises a solid cataiyst component (A) 
derived by supporting a transition metal compound represented by the general formula (1): 
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onto a solid inorganic compound, and then washing the solid inorganic compound with a nonaqueous solvent 
capable of dissolving the transition metal compound, wherein M is a transition metal of Group 4b; X 1 and X 2 are 
independently a halogen, hydrogen, an alkylalkoxy group, or a saturated or unsaturated alkyl group which groups 
may be linked together to form a bond; R 1 , R 2 , R 3 and R* are independently hydrogen or a saturated or 
unsaturated alkyl group of 1 to 1 00 carbon atoms which groups may be linked together to form a bond; rn is an 
Integer of 1 to 6; and p and q are independently an integer of 0 to 4, and a catalyst component (B) comprising 
an organic aluminum compound represented by the general formula (2) and/or (3): 
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wherein t is an integer of 2 to 100, H 5 is a saturated or unsaturated atkyt group of 1 to 6 carbons, 
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wherein V is an integer of 2 to 100, is a saturated or unsaturated alky I group of 1 to 6 carbons, A process for 
producing olefin polymers was also provided in which the aforementioned catalyst is employed. This catalyst is 
prepared with less amount of organic aluminoxane. yet has high activity. 
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The present invention relates to a catalyst which comprises a transition metal compound having a high 
activity for the polymerization of olefins. The present invention also relates to a process for producing olefin 
polymers by use of the catalyst. 

As an olefin polymerisation catalyst, soluble metaliocene catalysts are well known which are based on a 

5 combination ol a bis{cyciopentadienyl)titani urn-alky! or a bis(cyclopentadienyi)titanium haiide, as a transition 
metal compound, with an organoaluminoxane. An example, thereof is disclosed in U,S, Patent 4,522,982, In 
such catalysts, the organoaluminoxane is used In an amount of several thousand times the transition metal 
compound to obtain high catalyst activity. Aluminoxanes, however, are very expensive, so that the catalysts 
are not suitable for industrial production of general-purpose polyolefin resins. 

70 An isotactic polypropylene is produced by suspension polymerization by use of a catalyst comprising 
an atuminoxane and ethylene'bis(4,5,6 l 7-tetrahydro-1-indenyl)2irconium dichloride as a transition metal 
compound (see e.g., EP-A-1 85,91 8). 

In this polymerization process also, a (arge amount of an organic aluminoxane is necessarily required to 
obtain high catalyst activity, resulting in low activity for aluminum of the organic aluminoxane. 

76 In another process, polypropylene is produced without accumulation of the polymer onto the wall of a 
reaction vessel by use of a catalyst comprising a solid component derived by bringing dimethylsilyl-bis(2,4- 
dimethylcyclopentadienyl)zirconium dichloride as a transition metal compound into contact with an organic 
aluminoxane-treated silica, and methylaluminoxane as an organic aluminoxane (Japanese Patent Application 
Laid-open No. Hei-3-74412), In this polymerization process also, the organoaluminoxane is used in a large 

20 amount in the preliminary treatment of silica and polymerization, resulting in low activity for aluminum of the 
organic aluminoxane. 

The object of the present intention is to solve the above problems of the prior art. This object has been 
solved by the use of a transition metal compound supported by a solid inorganic compound which enables 
the decrease of the amount of the expensive organic aluminoxane compound and yet gives a highly active 
25 catalyst lor olefin polymerization. 

The present invention provides a novel catalyst tor the polymerisation of olefins, the catalyst employing 
a transition metal compound and a decreased amount ol the expensive organic aluminoxane, and yet 
having a high catalytic activity. 

The present invention provides a catalyst for the polymerization of olefins, comprising a solid catalyst 
30 component (A) derived by depositing a transition metal compound represented by the general formula (1): 
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45 onto a solid inorganic compound, and then washing the solid inorganic compound with a nonaqueous 
solvent capable of dissolving the transition metal compound, wherein M is a transition metal of Group 4b; X 1 
and X 2 are independently a halogen, hydrogen, an alkylalkoxy group, or a saturated or unsaturated alky I 
group which groups may be linked together to form a bond; R 1 , R 2 , R 3 and R 4 are independently hydrogen 
or a saturated or unsaturated alkyl group of 1 to 100 carbon atoms which groups may be linked together to 

50 form a bond; m is an integer of 1 to 6; and p and q are independently an, integer of 0 to 4, and a catalyst 
component (B) comprising an organic aluminum compound represented by the general formula (2) and/or 
(3): 
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wherein I is an integer ol 2 to 1 00, R 5 is a saturated or unsaturated alkyl group ol 1 to 6 carbons. 



15 



(OA! J 



20 



6 



as wherein X* is an integer of 2 to 100, R s is a saturated or unsaturated alkyl group of 1 to 6 carbons. 

The present invention also provides a process for producing olefin 1 polymers employing the above 
catalyst for the polymerisation of the olefins. 

The transition metal compound in the catalyst component (A) of the olefin polymerization catalyst of the 
present invention is represented by the general formula (1). The transition metal M in the general formula is 
30 an element of Group 4b ol Periodic Table, including titanium, zirconium, and hafnium, among which 
zirconium and hafnium are preferred, 

X 1 and X 2 are independently a halogen, hydrogen, an alkyialkoxy group, or a saturated or unsaturated 
alkyl group. The halogen includes specifically fluorine, chlorine, bromine, and iodine, among which chlorine 
is preferred. The alkyialkoxy group includes primary, secondary, and tertiary alkyialkoxy groups of 1 to 100 
as carbon atoms, preferably 1 to 6 carbon atoms/ The saturated or unsaturated alkyl group includes 
hydrocarbon groups of 1 to 100 carbon atoms, preferably 1 to 6 carbon atoms. The saturated or 
unsaturated alkyl groups of 1 to 6 carbon atoms are linear, branched, or cyclic alkyl groups, specifically 
including methyl, ethyl, ethenyl, n-propyl, isopropyl, propenyl, n-butyl, isobutyl, t-butyl, butenyl, n-pentyl, 
isopentyl, t-pentyl, pentenyl, n-hexyl, isohexyl, cyclohexyl, benzyl, and the like. X 1 and X 2 may be the same 
40 or different, or may be linked together to form a bond. The linked alkyl group includes linear, branched, or 
cyclic bivalent alkyl groups such as ethylene, trimethylene, propenylene, tetramethylene, butyienylene, 
pentamethylene, pentenylene, hexamethylene, hexenylene, cyclohexenylene, and benzylidene. 

R 1 , R 2 , R 3 and R 4 are independently hydrogen or a saturated or unsaturated hydrocarbon group of 1 to 
100 carbon atoms, preferably hydrogen or a hydrocarbon group of 1 to 6 carbon atoms. The alkyl or alkenyl 
45 group of 1 to 6 carbon atoms include linear, branched and cyclic alkyl groups such as methyl, ethyl, 
ethenyl, n-propyl, isopropyl, propenyl, n-butyi, isobutyl, t-butyl, butenyl, n-pentyl, isopentyl, t-pentyl, 
. pentenyl, n-hexyl, isohexyl, cyclohexyl, and benzyl 

The groups of H 7 and R 3 , the two R 1 groups when p is 2 or more, and the two R 4 groups when q is 2 or 
more may respectively linked together to form a bond. The linked group includes linear, branched, or cyclic 
so bivalent alkyl groups such as ethylene, trimethyiene, propenylene, tetramethylene, butenylene, 
butadienylene, pentamethylene, pentenylene, hexamethylene, hexenylene, cyclohexenylene, and ben- 
zylidene. 

The size (m) of the linking group between the two cyciopentadienyl groups or derivatives thereof is 
denoted by an integer of 1 to 6, prelerably 1 or 2, The symbols of p and q, which may be the same or 
55 different, are respectively a number of the substituents on the cyciopentadienyl ring, and are an integer of 0 
to 4. 

The transition metal compounds used for forming the catalyst component (A), in the case where the 
transition metal M is zirconium, and X 1 and X 2 are chlorine, includes: 
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methylenebis(cydopentadieny))zirconiurn dichloride, 
methylenebis(2-methylcyclopentadienyt)zirconium dichloride, 
methylenebis(3-methylcycfopentadieny!)zirconium dichloride, 
methylenebis(2-methylcycfopentadienyt){3-methy(cyclopentadienyl)zirconiumdichloride, 
methylenebis(2 p 3-dtnne1hyicycloperitadienyi)zirconium dichloride, 
me1hylenebis(2,4-dime1hylcyclopentadienyl)2irconium dichloride, 
methylenebjs(2,5-dfmeihyicyclopentadienyl)zirconium dichloride, 
melhylenebis(3,4-dimethyicyclopentadieny))zirconium dichloride, 

methylene(2,3-dimethylcyclope^ dichloride, 
melhylene(2 I 3-dFme1hy!cyclopentadienyi){2 1 5-dimethylcyclopentadienyl)zirconium dichloride, 
methylene(2,3-dime1hylcyclopentadienyl){3,4-dimethylcyclopentadienyl)zirconium dichloride, 
methy lene(2,4-di melhy Icy clopentadienyl){2,5-dimethy lcyc!opentadienyl)zirconium dich loride, 
nnethylene(2,4-dimethylcyciopentadienyl)<3^dimeihylcyc!opentadienyl)zirconiu dichloride, 
methylenebis(2,3,4-trim8thyicyclopentadienyl)zirconium dichloride, 
melhylenebis{2 1 3,5-trimethylcyclopentadienyl)zirconium dichloride, 
methylenebis{2 I 3,4 > 5-tetrarnethytcycloperitadienyI)zirconium dichloride, 
methylenebjs(ethylcyclopentadienyl)zirconiiim dichloride, 
methylenebis(diethyicyclopentadienyl)zirconium dichloride, 
methylenebis{indenyl)zirconium dichloride, 

isopropylidene(cyclopentadienyl-methylcyciopentadienyl)zirconiurn dichloride, 
isopropyiidene{cyclopentadienyl-dimethylcyclopentadieny!)2irconium dichloride, 
isopropyiidene(cyclopentadienyl-trimelhylcyc!opentadienyl)2irconium dichloride, 
isopropy!idene(cyclopentadlenyl-tetramethylcyciopentadienyl)zircontum dichloride, 
isopropy!idene(cyclopentadieny!-ethyicycfopen1adienyl)zirconium dichloride, 
isopropylidene(cyclopentadienyl-diethylcyclopentadienyl)zirconium dichloride, 
isopropylidene{cyclopentadienyl"triethylcyclopentadienyl)zirconium dichloride, 
isopropylidene{cyclopentadienyl-tetrae1hylcyclopentadienyl)zirconium dichloride, 
isopropyiider>e{cyclopentadienyl-f]uorenyf)zirconium dichloride, 
isopropyiidene{cyclopentadienyt-2,7-dM-butylf1uorenyl)zirconium dichloride, 
isopropylidene{cyclopentadienyi-octahydrof1uorenyl)zirconium dichloride, . 
isopropy]idene{me1hy]cyciopentadienyl-fluorenyl)zirconium dichloride, 
isopropylidene{dimethylcyclopentadienyl-fluorenyl)zirconium dichloride, 
isopropy)idono{trimethylcyclopenladienyl-fluorenyl)zirconium dichloride, 
isopropylidene{tetramethylcyciopentadienyl-fluorenyl)2irconium dichloride, 
isopropylider>e(ethyicyclopentadienyl-fluorenyl)zirconium dichloride, 
isopropylidene(diethylcyclopentadienyl-1luorenyi)zirconium dichloride, 
isopropylidene(methylcyclopentadienyl-2,7-di-t-butylfluorenyl)zirconium dichloride, 
isopropylidenetdimelhylcyclopentadlenyl^j-di-t-butylfluorenyljzirconiumdichloride, 
isopropylidene(trimethylcyclopen1adt0nyl-2,7-di-t-butylfluorenyi)zirconium dichloride, 
isopropylidene{tetramethylcyclopentadienyl-2,7-di-t-butylfluorenyi)zirconium dichloride, 
isopropylidenGtethylcyclopentadienyl^J-dt-t-bulylfluorenylJzirconium dichloride, 
isopropylidene{diethylcyciopentadienyl-2,7-di-t-butylfluorenyl)2irconium dichloride, 
isopropylidene(methylcyclopentadieny!-oclahydrofluorenyl)zircomum dichloride, 
isopropyiidene(dime1hylcyclopentadienyl-<)ctahydrofluorenyl)2!rcoriium dichloride, 
isopropylidene(trimethylcyc!opentadienyl-octahydro1luorenyi)zirconium dichloride, 
isopropylidene(tetramethyicyclopentadienyl'Oclahydrofiuorenyl)zircomum dichloride, 
isopropylidene{ethylcyclopen1adienyl-octahydrofluorenyl)2irconium dichloride, 
isopropylidene(dielhylcyclopentadienyl"OCtahydrofluorenyl)2irconium dichloride, 
cyclohexylidene(cyclopentadienyl-me1hylcyc1opentadtenyl)zirconium dichloride, 
cycfohexy!idene(cy clopentad ieny l-dirhethy Icyclopentadieny l)zirconium d ichloride , 
cycfohe)<ylidene(cycl6pentadienyl-trinnethylcyclopentadienyl)zirconiurn dichloride, 
cyclohexylidene(cyclopentadienyl-tetramethylcyclopentadienyl)zirconium dichloride, 
cy clohexy lidene(cy clopentad ieny l-ethy Icyclopentadieny l)zi rconium dichloride , 
cyclohexyiidene(cyclopentadienyl-diethylcyclopenladienyl)zirconiiim dichloride, 
cy clohexy I idene{cy clopentad ieny l-trietny Icyclopentadieny l)zirconium dichloride, 
cyclohexylidene(cyclopentadienyl-tetraethylcyclopentadienyi)2irconium dichloride, 
cyclohexylidene(cyclopentadienyl-fluorenyl)zirconium dichloride, 
cyclohexylidene(cyclopentadieny^2,7-di+butyrfluorenyl)zirconiurn dichloride, 
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cyclohexylidene(cyc]opentadienyi-octahydrofluorenyt)zirconium dichloride, 
cyclohexylidene(methylcyclopentadienyl-fluorenyl)zircomum dichloride, 
cyclohexyiidene(dirnethylcyclopentadienyl-fluorenyl)zircomurn dichloride, 
cyclohexylidene(trimeihytcyc!opentadieny!^tuorenyl)zirconium dichloride, 

1 cydohexylidene(tetramethylcyc)opentadienyl-f!uorenyl)zirconium dichloride, * 
cyclohexylidenG(ethylcyclopentadienyi-fluorenyl)zirconmm dichloride, 
cy clohexy lidenejdiethy Icyclopeniadienyl-f luoreny l)zirconium dichloride, 
cyclohexylidenefmethylcyclopentadienyl-SJ-di-t-butyllborenylJzirconlurn dichloride, 
cyclohexyiidenefdirnethylcyciopeniadienyl^J'di-t'butyliluorenyOzirconium dichloride, 
cyclohexyiidenefUimethylcyclopentadienyl^Jrdi^butylfluorenylJzirconiurn^ dichloride, 
cyctohexylldene(te!ramethylcyclopentadienyl-2 t 7-di-t-butytfluorenyt)zirconllim dichloride, 
cyclohexytidene(ethylcyclopen1adienyl-2,7-di-t-butylfiuorenyt)zirconium dichloride, 
cyclohexylidenejdlelhylcyclopentadienyl^j-di-t-butylffuorenyljzircoriiumdichloride, 
cyclohexylidene(methylcyclopentadienyl*octahydrofluorenyl)zircon]um dichloride, 
cyciohexylidene(dimethylcyclopentadienyl-octahydrofluorenyl)ztrconium dichloride, 
cyclohexyHdene(trimethylcyclopentadienyl-octahydrofluorenyl)zircoriium dichloride, 
cyclohexylidene(tetramethylcyciopentadienyl-octahydrofluorenyl)zirconium dichloride, 
cyclohexyiidene(ethylcyclopentadienyi-octahydrofluorenyl)zirconium dichloride, 
cyclohexylidene(diethylcyc!opentadienyl-octahydrofluorenyl)2lrconium dichloride, 
diphenylmethylene(cyclopentadienyl-rnethylcyclopentadienyt)zirconium dichloride, 
diphenylmethy)ene(cyclopentadienyl-dimethylcyclopentadienyt)2ircontum dichloride, 
diphenylmethylene(cyclopentadienyl-trimethylcyclopentadienyl)zirconiurn dichloride, 
diphenylrnethylene(cyciopentadienyl-tetrarnethylcyciopentadienyl)zirconium dichloride, 
diphenylmethylene{cyclopentadienyl-ethylcyclopentadienyl)zirconium dichloride, 
diphenylmethylGne(cyclopentadienyl-diethylcycloperitadienyl)zirconiurTi dichloride, 
diphenylmethylene(cyclopen1adienyMriethylcyclopentadienyl)zirconium dichloride, 
diphenyimethy!ene(cyclopentadienyhtetraethylcyclopentadienyl)^irconiurri .dichloride, 
diphenylmethylene(cyclopentadienyHluorenyl)zirconium dichloride, 
diphenylmethylene{cyclopentadienyl-2 p 7-di-1-butylfliiorenyl)zfrconiurn dichloride, 
diphenylmethylene{cyclopentadienyl-octahydrolluorenyl)zirconium dichloride", 
diphenylrnethylene(rriethylcyclopentadienyl-[iuorenyl)zirconiunn dichloride, 
diphenylrnethylene(dimethylcyclopentadienyl-fluorenyl)zirconium dichloride, , 
diphenylmethylene(trimethylcyclopentadieriyMluorenyl)zirconiiJrn dichloride, 
diphenyimethylene(tetramethylcyclopentadienyl-fluorenyl)^irconium dichloride, 
diphenylmethylene(ethylcyclopontadienyHluorenyl)zircontum dichloride, 
diphenylmethylene(diethyicyclopentadienyl"ilLibrenyl)zirconiurn dichloride, 
diphenylmethylene(melhylcyclopen1adienyl-2,7-dH-butylfluorenyl)zirconium dichloride, 
diphenylrnethylenetdimethylcyclopentadienyl^j-di-t-butylfluorenyljzirconium dichloride, 
diphenylirie1hylene{trimethy!cyciopentadienyi-2,7-di-t-butylfluorenyl)zirconium dichloride, 
diphenylmethylene(tetramethylcyclopentadienyK2 ( 7-di-t-butylfluorenyl)^irconiurri dichloride, 
diphenylmethylene(ethylcyclopentadienyl-2,7-di+butyHluorenyl)zirconiurndichloride, 
d ipheny Imethy iene(dieihy lcyclopentadienyl-2,7-di~t-buty If luoreny i)zirconium dichloride , 
diphenytrnethy)ene(methylcyciopentadienyi-octahydrofluorenyi)zirconium dichloride, 
diphenylmethy1ene(dirr>ethylcyclopentadienyl-octahydro1tiiorenyl)zirconium dichloride, 
dipheny!methylene(trirne1hylcyciopentadienyl-octahydrofluorenyl)zirconiurri dichloride, 
diphenyimethylene{tetrame!hylcyclopentadieriyl-octahydro1iuorenyl)zirconium dichloride, 
diphenylmethylene(ethylcyclopentadieny!-octahydrofluorenyl)zirconium dichloride, 
diphenylmethylene(diethyicyclopentadienyi-octahydrofluorenyl)zirconium dichloride, 
. ethylenebis(1-indeny])zirconium dichloride, 

ethylenebis(4,5 t 6,7-tetrahydro-1-indenyl)zirconium dichloride, and the like. 

For supporting She aforementioned transition metal compounds solid inorganic compounds generally 
employed in industry are useful. The industrially used solid inorganic compounds include oxides of typical 
elements such as alumina, silica, magnesia, and calcium oxide; oxides of transition metals such as titania, 
zircon ia, and ihoria, composites of these oxides; and halides such as magnesium chloride, and aluminum 
chloride. 

The preferred solid inorganic compounds in the present invention are those having Lewis acidity. 
Among them, alumina is particularly preferred. The solid inorganic compounds are preferably in a particle 
form in a size of from 0.01 to 200 urn, more preferably from 0.1 to 100 jLtm. 
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The solid inorganic compound is generally treated preliminarily by calcination. The calcination is usually 
conducted at a reduced pressure or in a gas stream at a temperature in the range of from 100'C to 
1200 -C, preferably Irom 200'C to 900*C. Otherwise, the solid inorganic compound may be preliminarily 
treated with an organic or inorganic compound which is reactive to hydroxy groups or adsorbed waters on 
the surface of the solid. 

The transition metal compound is made to be supported by the processes below, for example, but is 
not limited thereto: 

(a) processes comprising steps ol bringing a solution of the transition metal compound in a nonaqueous 
solvent into contact with the solid inorganic compound, and washing the resulting solid component with a 
nonaqueous solvent capable of dissolving the transition metal compound, 

(b) processes comprising steps of adding the transition metal compound dissolved in a nonaqueous 
solvent to a nonaqueous slurry of the solid inorganic compound, and washing the resulting solid 
component with a nonaqueous solvent capable of dissolving the transition metal compound, 

{c) processes comprising steps of mixing the transition metal compound with the solid inorganic 
compound, adding a nonaqueous solvent to the mixture, thereby bringing the transition metal compound 
into sufficient contact with the solid inorganic compound, and then washing the resulting solid component 
with a nonaqueous solvent capable of dissolving the transition metal compound, and 
(d) processes comprising steps of bringing the transition metal compound into contact with the solid 
inorganic compound, and washing the resulting solid component with a nonaqueous solvent capable of 
dissolving the transition metal compound. 

The nonaqueous solvent capable of dissolving the transition metal compound includes aromatic 
hydrocarbons such as benzene, toluene, and xylene; and halogenated hydrocarbons such as chloroform 
and methylene chloride. In the above supporting processes, the important point is the washing of the 
resulting solid component with a nonaqueous solvent capable of dissolving the transition metal compound. 
In this washing operation, the transition metal compound in the solid component is presumed to interact 
with the solid inorganic compound, and the interaction is considered to heighten the effect of the present 
invention. 

The supporting treatment of the transition metal compound may be practiced in the presence of an 
organometallic compound as a third component. The organometallic compound includes organoaluminum 
compounds such as trimethylaluminum, triethylaluminum, and dimethylaluminum chloride; organosilicon 
compounds such as trimothylsilane, and dimethyldichlorosilane; and organomagnesium compounds such as 
dimethylmagnesium, and methylmagnesium chloride, Among them, organoaluminum compounds are pre- 
ferred. In this case the organomelal is used in a mole ratio of from 0.01 to 1O0O0, preferably from 1 to 1000 
to the transition metal 

The catalyst component (B) is an organoaluminum compound represented by the general formulas (2) 
and/or (3). In the general formulas (2) and (3), R 5 and R 6 are respectively a saturated or unsaturated aikyl 
group of 1 to 6 carbons. The alkyl group includes linear, branched, and cyclic hydrocarbon groups such as 
methyl, ethyl, ethenyl, n-propyl, isopropyl, propenyl, n-butyl, isobutyl, t-butyl, butenyl, n-pentyl, isopentyl, t- 
pentyi, pentenyl, n-hexyl, isohexyl, cyclohexyl, benzyl, etc. Among them, methyl is preferred, The symbols 
of I and i\ are respectively an integer of from 2 to 100, preferably from 6 to 50. The organoaluminum 
compound may be a commercial product, or may be synthesized by any known method. For example, the 
organoaluminum compound may be synthesized by bringing an organoaluminum compound into contact 
with a hydrocarbon solvent in which a crystallization water-containing salt (e.g., aluminum sulfate hydrate 
and other sulfate hydrate) or a small amount of water is suspended. 

The ratio of the catalyst component (B) to the transition metal compound in the catalyst component (A) 
is in the range of from 0.1 to 4000. Sufficient activity is obtained at the ratio of 1000 or less. At the ratio of 
less than 0.1, the catalyst activity tends to become lower. The catalyst components (A) and (8) may be 
mixed prior to feeding to the reaction system, or otherwise be fed separately to the reaction system. 

The olefins which can be polymerized by the process of the present invention include a-olefins such as 
ethylene, propylene, 1-bulene, 4-methyM-pentene, and 1-hexene; conjugated or unconjugated dienes such 
as butadiene and 1 ,4-hexadiene; aromatic vinyls such as styrene; and cyclic olelins such as cyclobutene. A 
mixture of two or more of these olefins may be polymerized. 

The polymerization of the present invention may be conducted through any of the processes of liquid 
phase polymerization, gas phase polymerization, and buIN polymerisation. The solvents for the liquid phase 
polymerization include aliphatic hydrocarbons such as peniane, hexane, heptane, octane, nonane, and 
decane; alicyclic hydrocarbons such as cyclohexane; and aromatic hydrocarbons such as benzene, toluene, 
and xylene. 
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The concentration of the catalyst of the present invention in the solution is preferably in the range of 1 x 
1 tr™ mol/1 and more, more preferably from 1 x 10~ 2 .to 1 x 10~ 8 mol/1 in terms of the catalyst component 
(A). The polymerization temperature is not limited specially, and is normally in the range of from -100'C to 
230 'C. The pressure or the olefin in the reaction is not specially limited, and usually in the range of from 
5 , atmospheric pressure to 200 kg/cm a G. * 

The present invention is described in more detail by reference to examples without limiting the 
invention in any way. 

In Examples, Mw denotes a weight-average molecular weight, Mw/Mn denotes molecular weight 
distribution measured by 6P0 at 130* C by use of o-dichlorobenzene as the solvent, and Tm denotes a 
to melting point measured by DSC. 

Example 1 

(Preparation of Catalyst Component (A)) 

In an inert gas atmosphere, 8.3 ml of ethylenebis(1-mdenyl)zirconium dichloride solution (10 mmol/t) in 
toluene and 0.8 ml of trimethylaluminum solution (2.42 mmol/X) in toluene were added to 8,24 g of alumina 
having been calcined at 300 *C for 4 hours. The mixture was stirred at room temperature for 10 minutes. 
The solid product was collected by filtration, washed with 50 ml of toluene, and was dried at a reduced 
20 pressure to obtain a solid catalyst component (A). This solid component was found to contain 0,074 % by 
weight of zirconium by elemental analysis, 

(Polymerization) 

25. Into a thoroughly dried 500-ml autociave> 100 ml of toluene, the above catalyst component (A) in an 
amount of 0.005 mmol In terms of zirconium, 1.1 mmol of methylaluminoxene (MAO, made by Tosoh-Akzo 
K.K.), and 150 ml of propylene were charged under an inert gas atmosphere. The polymerisation was 
conducted at 40 *C for one hours. The polymerization product was washed with methanol, and dried in 
vacuum. The result of the polymerization is shown in Table 1, 

$o 

Comparative Example 1 
(Polymerization) 

35 Into a thoroughly dried 500-ml autoclave, 100 mi of toluene, ethylenebis(1-indenyl)zirconium dichloride 
solution (10 mmot/1) in toluene in an amount of 0.005 mmol in terms of zirconium, 1.1 mmol of 
methylaluminoxane (MAO, made by Tosoh-Akzo K.K.), and 150 ml of propylene were charged under an 
inert gas atmosphere. The polymerization was conducted at 40 °C for one hours. The polymerization 
product was washed with methanol, and dried in vacuum. The result of the polymerization Is shown in Table 

40 1. 

Comparative Example 2 



(Polymerization) 

45 

Polymerization was conducted in the same manner as in Example 1 except that the amount of the. 
methyl aluminoxane was changed to 5.0 mmol. The result is shown in Table 1 . 

Example 2 

50 

(Polymerization) 

Polymerization was conducted in the same manner as in Example 1 except that the polymerization was 
conducted at 80 'C, The result is shown in Table 1. 
55 As described above, the present invention provides an olefin polymerization catalyst by use of a 
transition metal compound and a decreased amount of the expensive organic aluminoxane with high 
activity. 
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Claims 

55 

1. A catalyst for the polymerization of olefins, comprising a solid catalyst component (A) derived by 
supporting a transition metal compound represented by the general formula (1): 



9 



EP 0 553 491 A1 



(R Z -C-R. 3 ) 



\/ ; 



M< 



/\ 



CD ■ 



onto a solid inorganic compound, and then washing the solid inorganic compound with a nonaqueous 
solvent capable of dissolving the transition metal compound, wherein M is a transition metal ol Group 
4b; X 1 and X 2 are independently a halogen, hydrogen, an aikylaikoxy group, or a saturated or 
unsaturated alky! group which groups may be linked together to form a bond; H\ R 2 , FP and R+ are 
independently hydrogen or a saturated or unsaturated alky I group of 1 to' 100 carbon atoms which 
groups may be linked together to form a bond; m is an integer of 1 to 6; and p and q are independently 
an integer of 0 to 4, and a catalyst component (B) comprising an organic aluminum compound 
represented by the general formula (2) and/or (3): 



R 



/ 



R 



/ 

X 



(2) 



wherein I is an integer of 2 to 100, R s is, a saturated or unsaturated alkyl group of 1 to 6 carbons, 



{OAi )~yr^ 



(3} 



wherein V is an integer of 2 to 100. R* is a saturated or unsaturated alkyl group oH to 6 carbons. 

A process for the preparation of a catalyst for the polymerization of olefins, comprising forming a solid 
catalyst component (A) by supporting a transition metal compound represented by the general formula 
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(1) 



75 



20 



onto a solid inorganic compound, and then washing the solid inorganic compound with a nonaqueous 
solvent capable Of dissolving the transition metal compound, wherein Mis a transition metal ot Group 
4b; X 1 and X 2 are independently a halogen, hydrogen, an alkylalkoxy group, or a saturated or 
unsaturated alky! group which groups may be linked together to form a bond; R 1 , R 2 , R 3 and R* are 
independently hydrogen or a saturated or unsaturated alkyl group of 1 to 100 carbon atoms which 
groups may be linked together to form a bond; m is an integer of 1 to 6; and p and q are independently 
an integer of 0 to 4, and mixing component A with a catalyst component (B) comprising an 1 organic 
aluminium compound represented by the general formula (2) and/or (3): 



25 



OA* 



/ 

£■ 

\ 



(2) 



35 



40 



45 



wherein I is an integer of 2 to 100, R 5 is a saturated or unsaturated alkyl group of 1 to 6 carbons, 



(OAi )-pr 



(3) 



50 



where V is an integer of 2 to 100, R* is a saturated or unsaturated alkyl group of 1 to 6 carbons. 
3. A process for producing an olefin polymer employing the catalyst of claim 1. 
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